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Abstract 
This study was conducted in National Pingtung University of Science and Technology during winter season to determine 
the effect of vermicompost on productivity of muskmelon seedling (Cucumis melo L.). Vermicompost produced from rice 
waste, were mixed at rate of different concentration into rice hulls ash and coconut husk. The pH, electrolytic conductivity 
(EC), water holding capacity (WHC), concentration of macro-micronutrient in substrates, vegetative growth, plant 
biomass, concentration of total macro-micronutrient in shoot were recorded. The result showed that using substrate that 
mixture of vermicompost with rice hulls ash and coconut husk following rate 1:1:1 respectively gave highest value of 
germination rate, plant height, leaf area, plant biomass and the concentration of P, K, Ca and Fe. Factors contributed to the 
in increasing of muskmelon seedling growth may be result of an improvement of physical and chemical properties of the 
substrate when combination between vermicompost, rice hull ash and coconut husk.  
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1. Introduction 
Muskmelon is a short duration vegetable crop belonging to Cucurbitaceae family, and is a high value crop 
in Taiwan and in many countries in the world. Muskmelon seedling is commonly produced in the greenhouse 
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in the mixture of commercial soilless bedding plant growth media before transplanting outdoors. Therefore, 
the use of high-quality substrates is important, particularly in organic seedlings production because seedlings 
are very sensitive to factors of growing media during first stages of growth. Peat moss used to extensively as a 
soilless potting substrate in horticulture because of its desirable physical characteristics and high nutrient 
exchange capacity (Raviv et al., 1986). However, in recently years there has been increasing environmental 
and ecological concerns against the use of peat because its harvest is destroying endangered bog ecosystems 
worldwide. Other organic materials such as manure compost, vermicompost, rice hulls ash, tea waste, cotton 
boll, coconut coir dust, and so on determined suitable components for growing media (Agbo and Omaliko, 
2006; Ercisli et al., 2005; Sahin et al., 2004).  
Vermicomposts (VC) finely divided peat-like materials with high porosity, aeration, drainage, water-
holding capacity (Edwards and Burrows, 1988). VC contains most nutrients in plant- available forms such as 
nitrates, phosphates, and exchangeable calcium and soluble potassium (Orozco et al., 1996). VC has greatly 
increased surface areas, providing more micro-sites for microbial decomposing organisms, and strong 
adsorption and retention of nutrients (Shi-wei and Fu-zhen, 1991). Substitutions of different proportions of 
VC, produce commercially from cattle manure, food waste and paper waste, into corresponding proportion of 
MM360, have been indicated to increase the rates of germination, growth and flowering of a vegetable 
seedling significantly include tomatoes (Atiyeh et al., 2000b) and peppers (Arancon et al., 2004).  
Besides VC, coconut husk (CH) and rice hulls ash (RHA) is usually using in substrates mixture. CH is a 
mixable with high cation exchange and water holding capacities and is used in soilless culture techniques that 
are sterile (Inden and Torres, 2004). CH has also been demonstrated to be suitable for use in substrates 
through numerous production trials (Evans and Stamps, 1996; Inden and Torres, 2004; Meerow, 1995).  RHA 
is a product from the burning of rice hulls. RHA is used as substitute substrates because it is environmentally 
friendly approach. Durham and Simonton (1985) reported that RHA are high in silica content, containing 
about 18-22% by weight, have a porous skeletal silica structure having a porosity of approximately 75-80%; 
that is, about 75-80% open or void space, by volume, a pH of about 8.4 and have naturally occurring trace 
elements.  RHA increased P-uptake plant growth of Brassica sp. in the soil (Utami et al., 2012). RHA reduced 
bulk density, total porosity and increased pH, available phosphorus, and exchangeable K and Ca in the soil, 
resulted increased maize grain yields (Njoku and Mbah, 2012). Growth medium with 70 peats: 30 RHA gave 
higher shoot and dry weigh of Pinus halepensis when compare to control medium (Marianthi, 2006). The 
combination between coconut husk and burn rice hull improved chemical and physical properties of substrates 
and it’s affected on the growth and development of Celosia cristata (Awang et al., 2009). 
The objective of this research was to evaluate the effect of different substrates combinations on the 
seedling growth and to determine the most effective formula for organic seedling production of muskmelon 
(Cucumis melo L.). 
2. Material and Methods 
2.1. Experimental setup 
The experiment conducted from the October 2012 – December 2012 using the muskmelon hybrid “Ky Red Lover” 
(Taiwan) under the greenhouse condition in National Pingtung University of Science and Technology, Taiwan. VC is 
commercial production, which was produced from rice waste by Fumao biotechnology Co., Ltd., Taiwan. Six 
substrates mixture were used  by mixing vermicompost (VC) with rice hulls ash (RHA) and coconut husk (CH) with 
the proportion (v/v): 2/3 VC + 1/3 RHA (M1); 2/3 VC + 1/3 CH (M2); 1/3 VC +2/3 RHA (M3); 1/3 VC + 2/3 
CH (M4); 1/3 VC + 1/3 RHA + 1/3 CH (M5) and 100% VC (M6). The experiment designed in Complete 
Random Block Design (RCBD) type with six treatments and three replications per treatment, established each 
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tray for one replication (35 cells per tray). The seed was sowed in the cell-trays with 170 ml volume filled full 
with substrate with a rate of one seed per cell.  
2.2. Chemical, physical characterization of the substrates 
Sample of substrates were taken to determine the pH, Electrolytic conductivity (EC), water holding 
capacity (WHC) and the concentration of available nutrients (N, P, K, Ca, Mg, Fe, Cu, Mn and Zn) in exacted 
solution from initial substrates. For determination of pH and EC, each 100 g of substrate was added only 
enough distilled water to wet the sample to saturation, For determination of pH and EC, each 100 g of 
substrate was added only enough distilled water to wet the sample to saturation, shaken for 15 min and left for 
60 min and was filtered before the measurements were made using pH meter (Ultra Basic- UB10, Denver 
Instrument) and EC meter (SC-2300 Conductivity meter, Suntex Instrument Co. Ltd.). The WHC of different 
substrates was determined by adding six samples of 150 g from each of the substrate to PVC columns fitted 
with fine mesh cloth at the bottom. The samples were water –logged for 48h and allowed to drain. The sample 
was weighed both before and after drying in an oven at 60oC for 4 days (Atiyeh et al., 2001). The WHC (% 
volume) was calculated as [(wet weigh – dry weigh)/ volume *100 (Inbar et al., 1993). The mineral – N 
concentrations in each substrate were determined colorimetrically in 5g extract, using a modified indophenols 
blue technique (Sims et al., 1995). The nutrients elements (P, K, Ca, Ma, Fe, Mn, Zn and Cu) were analyzed 
by ICP-AES after element extraction in H2O and 0.1N HCl solution.  
2.3. Seedling emergence, seedling growth, biomass allocation 
Seedling emergence was monitored every day after sowing and was expressed as number of seedlings emerged 
relative to number of seeds sown. Seedling height was measure on average every 5 days from substrate surface until 
maximum height of the shoot. Seedling biomass was determined at 30 days after sowing. At the end of experiment, 
seedlings were harvested 10 plants per replication (30 plants per treatment), separated into shoot and root. Shoot 
and root fresh weight, leaf area was determined. Leaf area were obtained by the equation, leaf area (cm2/plant ) = 
x/y, where x is the weight (g) of the area covered by the leaf outline on a millimetre graph paper, and y is the weight 
of one cm2 of the same graph paper (Pandey and Singh, 2011). Root volume (cm3) was measured by the method of 
submerging root into a measuring cup with water. The seedling was oven dry at 68oC for 48 h to determine the dry 
weight of shoot and root and analyze the concentration of total macro-micronutrients in the shoot. Total nitrogen 
was determined on a 0.2 g sample as per Kjeldahl after 96% H2SO4 hot digestion (Bremner, 1996). The nutrients 
elements (P, K, Ca, Ma, Fe, Mn, Zn, and Cu) were analyzed by ICP-AES after element extraction in acidic solution.  
Data were analyzed by one way ANOVA using SAS statistical software and Dancan׳s  Multiple Range 
Test was used to separate means (p< 0.05). 
3. Results and Discussion 
3.1. The chemical, physical characterization of the substrates 
The pH and EC of the substrates are two important properties of any substrate as these parameters directly 
influenced the availability nutrient status in the media. We could see that the substrates pH, EC had 
significantly different between treatments (Table 1). In which, the pH of treatment M6 (pH=6.95) was highest 
and lowest value for treatment M5 (pH =6.51). Although different plant species (and cultivars) have different 
pH range for optimal growth, overall the optimum pH of the soilless media for good availability of essential 
elements is around 6.0 (Sonneveld and Voogt, 2009), in which cucurbit species require pH between 6.0 and 
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6.8 for optimal growth, especially muskmelon (Wancke, 2007). The highest and lowest EC, 4.62 dS.m-1 and 
1.83 dS.m-1 were measured for M1 and M4, respectively. The EC values reflect the total inorganic ion 
concentration in the media extracts. The optimum EC of substrates for plant growth is from 0.75-3.5 dS.m-1 
(Warncke, 1986). There were significant different of water holding capacity between treatments. The highest 
WHC was obtained at M4 (68.87%), that main content was coconut husk and lowest WHC was M3 (43.26%) 
that main content was RHA. In the same mixture rate, WHC of combination between VC and CH (M2, M4) 
was higher than combination between VC and rice hulls ash (M1, M3). These could be due to differences 
between their total porosity and types of pores (Bunt, 1988). 
Table 1. Chemical characteristic of different substrates 
Treatment pH EC (dS.m-1) WHC (%) 
M1 6.62 3.32 46.24 
M2 6.73 3.02 59.39 
M3 6.70 2.36 43.26 
M4 6.87 1.83 68.87 
M5 6.56 2.03 59.11 
M6 6.93 4.62 48.25 
LSD0.05 0.05 0.25 4.27 
Table 2. Concentration of macro-micronutrient in extracted solution by 0.1N HCl from different substrates 
Treatment 
N P K Ca Mg Mn Fe Zn Cu 
(g.kg-1 dry weight) (mg.kg-1 dry weight) 
M1  0.298 20.14 20.93 17.42 10.02 179.18 85.94 42.39 0.52 
M2 0.299 19.29 19.27 17.70 10.06 171.97 74.67 38.87 0.49 
M3 0.235 16.26 18.41 18.18 8.67 163.38 84.94 42.99 0.48 
M4 0.198 12.63 17.72 14.31 7.49 138.49 88.22 54.20 0.52 
M5 0.249 13.71 19.23 15.16 7.62 148.82 121.22 51.33 0.52 
M6 0.317 21.23 17.69 18.42 11.07 166.52 57.06 27.03 0.46 
LSD0.05 0.016 0.58 0.45 0.59 0.28 5.17 3.52 2.04 0.05 
Table 3. Concentration of macro-micronutrient in extracted solution by H2O from different substrates 
Treatment 
N P K Ca Mg Mn Fe Zn Cu 
(g.kg-1 dry weight) (mg.kg-1 dry weight) 
M1 0.274 5.01 16.06 0.87 1.29 3.64 7.12 0.19 0.69 
M2 0.279 4.69 14.08 0.84 1.27 2.29 7.76 0.04 0.52 
M3 0.240 4.25 13.50 0.73 1.19 4.11 7.96 0.15 0.56 
M4 0.177 4.52 13.40 0.67 1.07 2.15 5.33 0.06 0.26 
M5 0.207 4.33 14.32 0.88 1.15 3.64 8.71 0.18 0.44 
M6 0.294 5.22 12.81 1.09 1.49 1.97 8.79 0.02 0.57 
LSD0.05 0.025 0.15 0.46 0.04 0.05 0.40 2.32 0.07 0.04 
There was significant difference about concentration of available macro-micronutrient in extracted solution 
by 0.1N HCl and H2O between different treatments (table 2 and table 3). The concentration of N, P, Ca, Mg in 
the different treatment was significant reduce when the proportion of VC reduce in treatments. In contrast, the 
concentration of K, Mn, Fe, Zn, Cu in substrate was significant increase with decreasing the rate of mixed VC in 
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substrates. These showed that the high concentration of N, P, Ca and Mg in the substrate was influenced by 
proportion of mixed VC. In which the high concentration of K, Mn, Fe, Zn and Cu was contributed by rate of 
mixed rice hulls ash and coconut in substrates. 
3.2. Morphological and chemical parameter of muskmelon seedling 
Germination is an internally regulated process influenced mainly by a lot of factors such as light period, 
temperature, moisture, chemical and physical characteristic of substrate, can promotion or inhibition (Kucera 
et al., 2005). Seedling germination rate was significantly different between treatments (Fig. 1a). The treatment 
M2, M3, M4, M5 led to earlier germination than treatment M1 and M6. The highest germination rate was 
recorded in M5 (95.24%) and M4 (92.38%), while M6 gave lowest value for germination rate (53.33%). The 
plant seedling of muskmelon was significant different treatments (Fig. 1b).  The highest value for plant height 
was obtain at M5 (26.25cm), higher twice than compare with M6 (13.06cm), which gave lowest value for 
plant height. The seedling diameter was significant difference between treatments (table 4). The highest value 
for seedling diameter obtained at M2 (4.28 cm), in which seedling diameter lowest is M6. The plant height, 
shoot weight, root weight, root volume and leaf area increased significantly when decreased the proportion of 
mixed VC in substrates (table 4). The highest value for plant height was obtain at M5 (26.25cm), higher twice 
than compare with M6 (13.06cm), which gave lowest value for plant height. The seedling diameter was 
significant difference between treatments (table 4). The highest value for seedling diameter obtained at M2 
(4.28 cm), in which seedling diameter lowest is M6. The plant height, shoot weight, root weight, root volume 
and leaf area increased significantly when decreased the proportion of mixed (VC) in substrates (table 4). 
 
 
 
 
 
 
 
 
 
 
 
(a)                                                                                     (b) 
Fig 1: The (a) seedling germination rate and (b) seedling height in different substrates 
Table 4. Effect of different substrates on the morphological growth of muskmelon seedling 
Treatment 
 
Seedling diameter 
(mm) 
Shoot weight (g.plant-
1) 
Root weight (g.plant-
1) Root volume (cm
3.plant-
1) 
Leaf area 
(cm2) Fresh Dry Fresh Dry 
M1 3.60 8.15 0.72 1.28 0.09 1.22 161.03 
M2 4.28 10.01 0.84 1.37 0.09 1.33 177.07 
M3 4.08 10.65 0.91 1.58 0.11 1.49 188.75 
M4 3.95 11.67 0.96 2.12 0.12 2.10 187.32 
M5 3.79 14.55 1.26 2.88 0.18 2.73 249.06 
M6 3.54 6.54 0.59 0.79 0.05 0.76 102.62 
LSD0.05 0.23 1.91 0.19 0.59 0.04 0.55 42.51 
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The highest value for plant height, shoot fresh and dry weight, root fresh and dry weight, root volume and 
leaf area was recorded at M5 (26.25 cm, 14.55 g, 1.26 g, 2.88g, 0.18 g, 2.73 ml and 249.06 cm2, respectively) 
which mixed 1/3 VC with 1/3 RHA and 1/3 CH. In contrast, the lowest value for plant height was obtained at 
M6 (13.06 cm, 6.54 g, 0.59 g, 0.79 g, 0.05 g, 0.76 ml and 102 cm2, respectively) which contained 100% VC. 
M3, M4 gave the statistically similar value for parameter of muskmelon seedling and had significantly 
difference when compare with M6. The seedling biomass, which was high proportion of VC, decreased 
considerably due to the decrease of root biomass.  When we compare between M1, M3 (VC mixed with RHA) 
and M2, M4 (VC mixed with CH), at the same the rate of VC, the growth of muskmelon seedling in substrate 
which mixed between VC and CH, VC and RHA were not difference.  
Generally the results of this research illustrated that VC is possible affecting germination and growth of 
muskmelon seedling. The germination rates, plant height, shoot weight, weight and volume of root, leaf area 
was obtained highest in M5. This result matches with many publication results before about effect of VC on 
seedling growth. Some studies reported that a wide range of vegetables germinated better in mixed substrates 
with VC than in commercial growth media (Atiyeh et al., 2000a, 2001). Gutierrez-Miceli et al. (2007) 
described that tomato grew in 1:3 and 1:4 VC: soil gave highest value for plant height, diameter stem and leaf 
number. Paul and Metzger (2005) also reported tomato grew in to Metro-Mix36 (commercial substrate) 
substituted with 20% VC was significantly higher value for seedling height, leaf area, dry root compare with 
control. Another reason for higher value for morphological plant of muskmelon may be because chemical, 
biological and physical properties of substrate were improved through combination between RHA and CH. 
Verdonck and Demeyer (2004) showed that the better physical properties of the growing media could 
improve the growing condition in the root zone resulted increasing water and nutrient uptake of plant. 
However, there was a lower growth of seedling in substrates at higher rate of VC, could be attributed to the 
higher salt content of excessive nutrient levels in the more concentrated mixture (table 1 and 3). Ievinsh (2011) 
indicated that there was inhibition of seed germination of some vegetable species (radish, cabbage, Swedish 
turnip, beetroot, beans, peas) when substituted with more 50% of VC. Arancon et al. (2008) reported that 
petunias grew in to Metro-Mix36 substituted with 70% cattle manure VC, from 70 to 100% food waste VC or 
70, 90 % paper waste VC was significantly slower growth than those that were grown in Metro-Mix 36 
substituted with 40% cattle manure, food waste and paper waste VC. Compared to the commercial peat 
mixture, shoot biomass of seedlings was lower in mixtures containing 80% and 100% VC (Zaller, 2007). It is 
possible that the seedlings growing in the lower substituted VC enlarged their root biomass to compensate for 
the lower nutrient availability as explained by the optimal partitioning theory (McCarthy and Enquist, 2007). 
The slower growth rates of plant at high rate of VC were probably response to high concentration of plant 
growth hormones such as auxins and humid acids produced by microorganism in VC (Arancon et al., 2006).  
Table 5. Effect of substrates on concentration of total macro – micronutrient in the shoot of muskmelon seedling after 30 days sowing 
Treatment 
N P K Ca Mg Mn Fe Zn Cu 
(g.kg-1 dry weight) (mg.kg-1 dry weight) 
M1 50.87 2.60 56.63 7.28 13.73 172.86 66.06 21.02 2.30 
M2 50.28 2.38 57.26 6.36 10.76 120.37 76.65 26.27 2.54 
M3 46.90 2.93 60.14 7.51 11.57 146.16 78.01 19.95 2.22 
M4 34.42 2.99 50.03 8.35 10.33 50.93 63.24 30.23 1.13 
M5 43.63 4.53 66.11 9.64 13.11 122.91 98.77 29.44 3.17 
M6 53.43 2.34 54.82 7.19 11.68 155.11 77.87 27.47 3.22 
LSD0.05 5.49 0.84 4.87 1.87 2.15 21.06 16.07 7.45 1.03 
There was significantly difference between treatments about concentration of total macro-micronutrient in 
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the shoot of muskmelon seedling after 30 day (Table 5). The highest value for of N content in the shoot was 
recorded in M6 and lowest value for this one was obtained in M4. High total N content in the shoot can be 
attributed to higher mineral N content in the substrates (Table 3). The highest content of P in the shoot was 
obtained at M5 with 4.53 g/kg. The lowest value for P (2.34 g/kg) content in the shoot was recorded at M6. 
Treatments with lower proportion of VC gave better growth of plant resulted in higher shoot P content. These 
may be due to high rate of VC inhibited root growth and P uptake. In addition, these may be due to CH and 
RHA changed physical properties of substrate, resulted in increased uptake P for root development (table 4). 
Marieh et al. (2011) also reported that the P content in the shoot of Pistachio seedling was reduced 
significantly when addition VC into the commercial substrates. 
The maximum Ca content in shoot were observed in treatment M5 (9.64 g/kg), following was M4 (8.35 
g/kg) and lowest value for those was obtained in M2 (6.36 g/kg). These may be due increasing to uptake Ca 
by plant for cell structure and shoot biomass (table 4). The Mg and Mn content in the shoot was highest value 
for M1 with 13.73 g/kg and 172.86 g/kg, respectively, lowest value for those was obtained in M4 with 10.33 
g/kg and 44.11 mg/kg, respectively. These may be because different component of substrates. M1, M3 mixed 
VC with RHA, in which M2, M4 mixed VC with CH resulted different physical properties between substrates. 
RHA as may be enhance the Mg and Mn uptake better than CH. Another reason for higher content of Mg and 
Mn may be because of high concentration of Mg and Mn in substrate (table 3). 
The highest of Fe and Zn content in the shoot was found in M5 and M4, respectively. But the lowest value 
for Fe and Zn content was obtained at M4 and M3, respectively. The lowest value for Fe uptake a may be 
explained by low content of ion Fe in the substrate. Chamani et al. (2008) reported that Fe concentration was 
increase significant with increasing Fe in substrates and was lowest in plants grown in the control medium. 
The uptake Zn may be explained by different component of substrates. M1 and M3 that mixed VC with RHA 
gave lowest value for Zn concentration in the shoot when compare with M2 and M4. 
4. Conclusion 
Results of this experiment show that VC influenced significantly to the muskmelon seedling growth. 
Improvement in chemical and physical properties when combine between VC, RHA and CH was reflected in a 
better plant growth. The proportion of VC in substrate for muskmelon seedling production when mixed with 
coconut husk and rice hulls ash was suggestion at about 30%. 
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